Photuris trilineata (Say) is assigned to Aspisoma Laporte, and the type female is redescribed. Photuris trivittata sp. n. is described from behavior voucher specimens, and behavioral data are presented and discussed. Aspects of abdominal segmentation and aedeagal structure of Aspisoma and Photuris are described.
described Lampyris trilineata from a female now housed in the Museum of Comparative Zoology at Harvard University. Olivier (1886) assigned L. trilineata to Photuris but did not examine the type and appears to have based his action on the similarity of the described color patterns. Lloyd tentatively assigned the behavior voucher specimens included here to Photuris trilineata (Say) , but after locating and examining the type female of L. trilineata he determined that trilineata should be assigned to Aspisoma and that his specimens were of a new species. Olivier's collection in the Paris Museum was examined by Ballantyne in November 1993. Olivier's methodical collection often reflects the chronology of his published work, and standing in the Olivier collection under Photuris trilineata (Say) were specimens of Photuris which are conspecific with the specimens described below. Lampyris trilineata Say is assigned to Aspisoma ; Olivier's firefly apparently has remained unnamed, and is herein described as Photuris trivittata . JEL provided the biological data; LAB provided the taxonomic framework.
Taxonomy
Taxonomic characters follow Ballantyne (1987a Ballantyne ( , 2000 with exception of abdominal segmentation and aedeagal structures, which are discussed separately below. Descriptions are ordered so that features on the dorsal surface are described in sequence from the anterior to posterior end, and then the ventral surface is described in the same manner. This facilitates handling under the microscope. Length, measured as median length of pronotum plus maximum length of an elytron, is sometimes a misleading representation since the pronotum droops in pinned specimens, and the specimen will always appear shorter than the figure given. The length of the head, which may protrude to a variable extent in males, is not included. Measurements (i.e., lengths) taken at the longest and widest areas respectively, such as pronotal width, greatest head width in anterior aspect, are used on a comparative rather than absolute basis (Lampyrids being soft bodied are subject to much distortion)-for example the distance between the antennal sockets is given as a function of the nearest convenient point of reference, the width of an antennal socket. McDermott (1964) distinguished the Photurinae with a "membranous labrum arising from the ventral surface of a strongly sclerotized clypeus." The nature of the labrum was reinterpreted by John Lawrence (1987) : in the cantharoids there is probably never a well-developed clypeus separated from the frons by a complete frontoclypeal suture. In most Lampyridae the labrum is at least slightly sclerotized and separated from the clypeus by a strip of membrane. The anterior strongly sclerotized plate on the Photurinae head is here interpreted as the labrum.
While specimens were still soft and flexible many aedeagi were extruded by the collector (JEL), and remain attached to the specimen, usually with the basal piece still encased between ventrite 9 and tergite 9 (the "aedeagal sheath" of Ballantyne 1987a, b) , and often hidden. Some aedeagi were removed and mounted on transparent points, using transparent glue, and remounted beneath the specimen (specimens were softened for 2-3 days in a humid atmosphere in an airtight container with moist sand with a few drops of Lysol® to retard mold).
The two specimens selected for scanning electron microscopy were dried pinned specimens which had the aedeagus extended. They were mounted on aluminum stubs using double sided semitransparent tape and coated with gold in a Denton Vacuum Desk II Cold Sputter Etch Unit, and examined in a Hitachi 570 scanning electron microscope at an accelerating voltage of 15 KV. The operation was carried out as part of a class exercise in the Department of Entomology and Nematology at the University of Florida in Gainesville, under the direction and assistance of Prof. Harvey Cromroy. The type female of Lampyris trilineata Say was not dissected, and drawings represent the specimen in its actual state at the time of examination. Specimens are currently housed in the JEL collection in Gainesville (JELC), or the Florida State collection of Arthropods (FSCA).
Abdominal segmentation. Abdominal segmentation is interpreted from Ballantyne (1987a Ballantyne ( , 1992 . Terminology of the ventral abdominal plates has varied. Green (1956) used "sternite" for the median half of each ventral segment in Photinus and considered the lateral area on each side the pleurite, which is narrowly inflexed dorsally and bears the spiracles. Crowson (1972) called the ventral abdominal plates "ventrites" but (page 39) referred the spiracles to the "inflexed edges of the sternal plates." A refinement of the definition of the term "ventrite" in the Lampyridae was proposed (Branham & Archangelsky 2000) .
The abdomen of Aspisoma and Photuris males (Figs. 4 and 15) consists of 8 visible tergites, although the first may be difficult to distinguish. Segments 2-8 are distinguishable ventrally. The light organs occupy the ventral plates of segments 6 and 7. Ventrite 8 is well developed although it is usually shorter than 7. Ventrite 9 (which surrounds the aedeagus) is usually visible externally, protruding beyond the posterior margin of ventrite 8, and completely covered dorsally by the relatively large tergite 8.
The Aspisoma abdomen is broad, flattened, tapering at front and behind (Figs. 3 and 4) ; the dorsally reflexed lateral margins of the ventrites bear the spiracles which are covered by the lateral tergal margins and difficult to see in pinned specimens; the light organ in males and females occurs in ventrites 6 and 7 (Figs. 3 and 4) but may be considerably retracted from the lateral areas in females; depressions in lateral areas of ventrites 6 and 7 probably house sense organs (Lloyd & Ballantyne, pers. obs.) ; ventrite 8 is transverse, about half as long and wide as 7, with the median posterior margin emarginate; aedeagal sheath (= ventrite and tergite 9) when visible externally is turned on its side; tergite 8 about as long as, but narrower than, tergite 7.
The male Photuris abdomen (Fig. 15) has ventrites 6 and 7 often medially emarginate posteriorly; ventrite 8 always tapers posteriorly, is usually about half as long as 7, although sometimes retracted beneath 7; the median posterior margin of ventrite 7 always has a pointed projection of varying length; tergite 8 often has lateral margins reflexed; aedeagal sheath ventrite and lateral projections of aedeagus sometimes visible behind ventrite 8. The female abdomen has light organs apparently contained in ventrites 6 and 7; ventrite 8 tapers posteriorly and may be medially incised (Fig. 16) .
Aedeagal structure. The aedeagus of Aspisoma most closely approaches that of the Luciolinae (Ballantyne 1987a (Ballantyne , b, 2000 , in having a clearly defined median lobe, lateral lobes (which may be slightly longer or shorter than the median lobe), and an elongate well defined basal piece. The median lobe is elongate, slender, and often medially carinate along the dorsal surface; lateral margins of the median lobe can expand and are variably developed. Small hooks may arise from the inner face of the lateral lobes and in A. physonotum they engage against the median dorsal carina of the median lobe (Ballantyne 1992) .
The aedeagus of Photuris spp. consists of median and lateral lobes and a basal piece, and paired long slender processes extending from the sides of the basal piece (Figs. 17 and 18). These pieces "splay" to varying degrees in pinned specimens, and the full extent of the basal piece is not always visible in specimens where the aedeagus is still attached to the abdomen. Barber (1951) described the Photuris aedeagus: "sides of the 'basal piece' are produced into long slender, clubbed, lateral processes extending beyond the apex of a slender median lobe". McDermott (who completed Barber's manuscript after his death), included figures (Figs. 2 and 3) of Photuris lucicrescens aedeagus which was unlabeled but described in the text as having "the lateral lobes fuse with the dorsal surface of the median lobe at about basal third, and are armed internally opposite this point with a strong transverse ridge, which is sharply angulate at inner third". McDermott (1962) figured 3 unlabeled Photuris spp. aedeagi and (1964) referred to the Photuris aedeagus with 2 long slender lateral processes, but did not determine their origin. Lloyd (1979 Lloyd ( , 1981 ) pictured a copulating Photuris spp. pair, and attributed the lateral processes of the aedeagus to the basal piece (as Ballantyne does here) (Lloyd 2002) ; the picture shows that these pieces remain outside the female during intromission.
Photuris trilineata was used (as Photuris sp.) as the outgroup in a cladistic analysis of Australian Luciolini (Ballantyne & Lambkin 2000) .
Aspisoma trilineata (Say) comb. n.
Figs. 1-3
Lampyris trilineata Say, 1835, p. 157.
Photuris trilineata (Say) . Olivier, 1886, p. 232; 1910 , p. 52. McDermott, 1966 .
Type. Holotype female, Mexico (Museum of Comparative Zoology, Harvard University).
Redescription of type female. Length:13.7 mm. Color: Pronotum dingy yellow with dark brown markings on median area of dorsal surface (Fig.  1) ; pronotum largely semitransparent, and pale pink and yellow fat body visible through the cuticle; mesonotum light brown; mesoscutellum dark brown, darker in posterior area; elytra medium brown, with lateral, apical and sutural margins, and longitudinal interstitial lines dingy yellow (Fig. 1) ; head yellow; antennae, palpi and labrum light brown; ventral surface of pro-and mesothorax medium brown, of metathorax moderately dark brown; legs medium brown with dark brown tarsi; abdominal ventrites yellow with brown mottling; compact light organ material defined in median area of ventrite 7 only, although ventrite 6 bears a diffuse median area of fat body (Fig. 3) .
Body covered with fine short pale setae, which have been abraded in certain areas. Pronotum (Fig. 1) 4 .2 mm long, 6 mm wide; with dense covering of short fine pale setae; setal swirls originate in positions marked (Fig. 1) ; dorsal surface with median ridge extending posteriorly from anterior margin for about ⅓ length of the pronotum; anterolateral corners of pronotum rounded obtuse; posterolateral corners rounded; lateral margins diverging posteriorly along most of their length, and widely flattened especially in the posterior half. Elytra (Fig. 1) 9.5 mm long; convex-sided when closed; laterally explanate margins well developed, especially in anterior ½ (Fig. 2) ; 4 interstitial lines present, of which the most lateral line is evanescent anteriorly and posteriorly; epipleuron and sutural ridge extending to and around apex of elytron. Head small, completely retracted into and beneath pronotum in resting condition; greatest head width 2.2 mm; smallest interocular width 0.8 mm; antennal sockets separated by more than width of an antennal socket; head not depressed between eyes; mouthparts well developed. Terminal ventrites as figured (Fig. 3) .
Photuris trivittata sp. n.
( (Specimens "*" in the collection of JEL may bear a green label "semiosystematic voucher specimen, James E Lloyd". A further lettered and numbered label on each specimen relates to field records kept by the collector.)
Male. Length: 13-15 mm long (holotype 14 mm). Color: Pronotum yellow with median brown markings (Figs. 5-10), semitransparent; fat body visible through cuticle in posterolateral corners is yellow, in median area is pink; mesoscutellum and metanotal plates yellow; elytra brown, with broad lateral, narrow apical and narrow sutural margins yellow, and 2-3 longitudinal yellow interstitial lines; (Figs. 11 and 12 show variation; the coloration gives the appearance of 3-4 brown stripes); head yellow, anterior margin of labrum dark brown; antennae brown, basal portion of all segments narrowly yellow; maxillary palpi mostly brown, penultimate segment yellow at base, enlarged terminal segment yellow on inner face; labial palpi yellow; ventral prothorax yellow; legs 1 yellow with brown tarsi, brown apices of tibiae, and brown markings on femora at inner and outer basal and apical surfaces; mesopleura brown, mesosternum yellow; legs 2 marked as for legs 1 except for basal tarsomere which is brown at apex only; ventral metathorax brown; basal abdominal ventrites dingy to brownish yellow, semitransparent and fat body is visible through cuticle; light organ in ventrites 6 and 7 creamy yellow; ventrite 8 yellow; basal abdominal tergites medium brown, terminal 3 tergites pale yellow.
Pronotum 3.3-3.9 mm long; 5.2-5.9 mm wide; setal swirl pattern distinctive (Fig. 19) ; pronotal punctures small, shallow, separated by up to their width and evenly distributed over dorsal surface; hypomera open in front; lateral pronotal margins diverging along anterior half or more with some convergence in posterior area; anterolateral corners obliterated; posterolateral corners rounded obtuse; anterior margin narrowly explanate; lateral margins widely flattened along their length and anterior area as wide as posterior area; outline as figured (Figs. 5 and 19) . Elytra with 3 interstitial lines well defined by their pale color but not well elevated relative to the sutural ridge (Fig. 23) ; epipleuron not extending posteriorly beyond mid point of elytron; sutural ridge evan- escent before elytral apex. Head slightly to moderately exposed in front of pronotum in withdrawn condition; gently excavated between eyes; eyes widely separated on ventral surface; greatest head width 2.8-3.3 mm; antennal sockets close but not contiguous (Figs. 13 and 20) ; mouthparts well developed, apical segment of labial palpi lunate (Figs. 13 and 20) ; labrum wider than long, well sclerotized, separated from head by an inflexible suture and bearing short rounded projections along its anterior margin; antennal length 2-3 times greatest head width; flagellar segment 1 short, half as long as flagellar segment 2, remaining flagellar segments long, slender, simple, much longer than wide, and narrowing towards apex. Abdomen with median posterior margin of ventrite 8 narrowly prolonged and apically rounded (Fig. 15) . Aedeagus (Figs. 17, 18 , and 21) with median lobe narrowing at apex, not projecting posteriorly beyond apices of lateral lobes; lateral lobes closely approximate dorsally, narrowly overlapping at base in ventral aspect, and shallowly excavated in apical 1/5; aedeagus bearing elongate slender projections bearing sense organs on their apical inner surface (Fig. 21) .
Female. Length: 13 mm long. Macropterous; colored as for male; head slightly smaller than that of male (Fig. 14) ; light organ in ventrites 6, 7; ventrite 8 narrowing posteriorly, median posterior margin emarginate (Fig. 16 ).
Flashing and Ecology
Photuris trivittata was observed on the campus of the Agriculture School at Cardenas, Tabasco, Mexico, at the edge of small woods along an irrigation ditch and mowed roadside. Occurring with it at this site were about a dozen flashing species of Photinus , Photuris , and Aspisoma . Female trivittata hunted males of at least one other Photuris species in an adjacent field, and an Aspisoma species near the woods, via aggressive mimicry (sensu Wickler 1968; Pasteur 1982; Lloyd 1964 Lloyd , 1984 . At a nearby site near an irrigation canal, this same firefly displayed a sedentary flashing-feeding behavior previously unreported for Photuris fireflies.
Evening flashing activity at the ditch site began about one-half hour after sunset (x-bar = 33 min, 1.5 crep (i.e., civil twilight duration, see Neilsen 1963); range = 24-40 min, 1.1-1.8 crep; n = 6, 17-28 Oct 1980), in the shrubs and understory, and quickly moved up and around the canopy foliage of the trees. The most common male flashing pattern observed at this site was a short flash (base duration ca 52 mSec, Fig. 22a ), that was emitted in continuous sequence at 1.2-1.4 sec, quite-regular intervals ( Fig. 22b ; 27.2°C; Table 1). Perched males also emitted this pattern, and they as well as flying males could be attracted (via penlight) close from 20-30 meters above ground, by flashing a short flash immediately after each of their flashes. On one occasion about 15 males were seen perched in a low tree, each facing outward with head and neck extended, flashing this pattern. This pattern was also emitted amongst and around the tips of the fronds of oil palms at the second site.
Males high in the trees at the first site occasionally appeared to emit a bimodal flash pattern, with the two peaks appearing 20-30 mSec apart. However, photo-multiplier recordings of what were verbally noted as this "fast double", showed that it was a short flicker of 3-4 modulations ( Fig.  22c) with a mean modulation rate of ca 8.0 Hertz. The mean pattern period of this signal was 2.4 sec (27.2°C; Table 1 ). This pattern is similar in form to that of a co-active Aspisoma species at this ditch site, but the modulation rates of the two are different (cf. Figs. 22c, d ). Male P. trivittata sometimes emitted a longer flash, which had an estimated duration of about 300 mSec.
Across campus at the second site, near a large irrigation canal, male and female Photuris of two species perched in aggregations on the seedheads of a tall Bahia grass, Paspalum virgatum . They "mouthed", chewed or licked, the seeds, which were coated with a sticky material. Each of the two mixed groups observed numbered 20-30 individuals and extended along the canal about 30 ft. The groups were about 200 ft apart and a few isolated individuals perched and flashed in the grass extending along the canal bank between them. Males and females on the grass heads emitted sequences (trains) of short flashes, and fireflies in these aggregations had a tendency to flash together in bouts of up to about 1 minute duration, separated by relatively dark periods. Flash rate within an individual's train was not constant. A few (5-15) rhythmic flashes were emitted in rapid succession, then rate slowed and became much less regular (Fig. 22e) . Brief (ca 10-sec, 25.8°C) recordings of the flashes of several individuals on seeds suggest that there may be sexual differences. In a sample of four males and four females, the flashes of two males are nearly all bimodal, while those of females are all unimodal (Figs. 22e-l) . Male flashes are longer on average (duration 91 mSec versus 75 mSec for females). In the short bouts of regular, rhythmic flashing, the flash rate of males is lower (x = 2.8 Hz versus x = 3.4 for females; Table 1 ). However, no overt sexual behavior such as mounting or rapproachment was observed.
Several kinds of insects occurred on the grass, including mosquitoes, crane flies, leaf beetles, roaches, grasshoppers, and moths, all apparently feeding on the seeds, except for a cone-headed katydid that was eating another insect. Photuris trivittata captured and fed upon mosquitoes, crane flies and beetles. To our knowledge, this is the only time that adult Photuris have been found eating prey other than Lampyridae in the field, (Eisner et al. l997 and refs) . However, non-firefly prey may also be captured by Nearctic Photuris, but because they don't glow while being eaten, go unnoticed. In the field adjacent to the first site, female P. trivittata perched down in dense grass within a foot of the ground, flashed responses to flash patterns of Photuris males of another species and attracted them to within 1 meter distance. Photuris trivittata occurs broadly through Central America, from southern Mexico to Costa Rica (Fig. 24) , and its predation certainly has had an important influence on the signaling behavior of other lampyrids, and perhaps the behavior of other insects as well. 
